Abstract. In this paper, we study the strong Perron integral, and show that the strong Perron integral is equivalent to the McShane integral.
Introduction
The major and minor functions are first defined using the upper and lower derivates, and then the Perron integral is defined using the major and minor functions.
It is well-known [4] that the Perron integral is equivalent to the Henstock integral.
In this paper, we change the definitions of major and minor functions by strong derivates rather than ordinary derivates, and then define the strong Perron integral using such major and minor functions. We also show that the strong Perron integral is equivalent to the McShane integral. The function F is said to be differentiable at c ∈ [a, b] if DF (c) and DF (c) are finite and equal. This common value is called the derivative of F at c and is denoted by F (c).
The strong Perron and McShane integrals
We first define the strong derivates of a function. 
The function F is said to be strongly differentiable at c if SDF (c) and SDF (c) are finite and equal. This common value is called the strong derivative of F at c and is denoted by F s (c).
Note that the interval [x, y] does not have to contain the point c in the above definition. From definition, it is clear that
From this relation, it is obvious that if F is strongly differentiable at c, then it is differentiable at c and F s (c) = F (c).
The derivative F of a differentiable function F : [a, b] → R may not be continuous on [a, b] . But the following theorem shows that the strong derivative F s of a strongly differentiable function F is in fact continuous on [a, b] .
Proof. Let c ∈ [a, b] and let ε > 0 be given. Since F is strongly differentiable at c, there exists δ > 0 such that
and
Hence F s is continuous at c. This completes the proof.
To show this, let c ∈ [a, b] and let ε > 0 be given. Since f is continuous at c, there exists δ > 0 such that
and it follows that 
Using upper and lower strong derivates, we define the strong major and strong minor functions.
Now we define the strong Perron integral. 
It follows easily from definition that every strongly Perron integrable function is Perron integrable.
The following theorem is an immediate consequence of the definition. Proof. Let ε > 0 be given. By the definition of strong Perron integrability, there exist a strong major function U and a strong minor function
Theorem 2.6. A function f : [a, b] → R e is strongly Perron integrable on [a, b] if and only if for each ε > 0 there exist a strong major function U and a strong minor function
V of f on [a, b] such that U b a − V b a < ε.
Let δ(·) be a positive function defined on the interval [a, b]. A tagged interval (x, [c, d]) consists of an interval [c, d] ⊆ [a, b] and a point x ∈ [c, d], and a free tagged interval (x, [c, d]) consists of an interval [c, d] ⊆ [a, b] and a point
be a free tagged partition of [a, b] that is subordinate to δ. Then we have
Similarly, using the strong minor function V , 
